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ABSTRACT
The E m e r g e n c y R o o m S e r v i c e s (ER) of a h o s p i t a l is a c o m p l e x p r o b a b i l i s t i c s y s t e m w h e r e d i s c r e t e e v e n t s i m u l a t i o n ean be a p p l i e d .
This p a p e r p r e s e n t s the s i m u l a t i o n a n a l y s i s of the ER at G e o r g e t o w n U n i v e r s i t y H o s p i t a l (GUH), u s i n g a u n i q u e a p p r o a c h to s c h e d u l e n u r s i n g staff.
The a n a l y s i s was a c c o m p l i s h e d in t h r e e p h a s e s as follows: a) P a t i e n t C l a s s i f i c a t i o n system: A p a t i e n t c l a s s i f i c a t i o n system, c o n s i s t i n g of five p a t i e n t a c u i t y levels, was d e s i g n e d to i d e n t i f y d e g r e e s of r e s o u r c e n e e d s b y o b j e c t i v e l y d e l i n e a t i n g the n u r s i n g t a s k s at each a c u i t y level.
b ) D a t a C o l l e c t i o n a n d D a t a B a s e : A PC b a s e d d a t a b a s e w a s s p e c i f i c a l l y d e s i g n e d t o c o l l e c t ER w o r k l o a d i n f o r m a t i o n s u c h a s p a t i e n t a r r i v a l t i m e a n d a c u i t y o f p a t i e n t b y h o u r o f t h e d a y .
c) M o d e l i n g a n d S i m u l a t i o n : The m o d e l was d e s i g n e d to be s e n s i t i v e to h o u r l y p a t i e n t a c u i t y m i x levels, s i n c e the w o r k l o a d in the ER is p r i m a r i l y d i c t a t e d b y this.
The s i m u l a t i o n was c o n d u c t e d u s i n g SIMAN, a PC b a s e d l a n g u a g e for a p e r i o d of 1,000 hours.
The f i r s t 120 h o u r s of the s i m u l a t i o n run w e r e i g n o r e d to a l l o w the s y s t e m to r e a c h s t e a d y state. U p o n a r r i v a l the p a t i e n t s w e r e a s s i g n e d an acuity, t r i a g e d a n d b a s e d on a c u i t y sent e i t h e r d i r e c t l y to the t r e a t m e n t a r e a or to r e g i s t r a t i o n a n d then t r e a t m e n t area.
In the t r e a t m e n t a r e a a p a t i e n t was s e e n e v e r y hour by the n u r s e s t a f f till the l e n g t h of s t a y was c o m p l e t e d .
The n u m b e r of n u r s e s a n d a m o u n t of d i r e c t n u r s i n g c a r e p r o v i d e d to a p a t i e n t d e p e n d e d u p o n the a c u i t y level.
A u x i l i a r y p a t i e n t c a r e such as n u r s e s a c c o m p a n y i n g a p a t i e n t to the CT S C A N u n i t was a l s o i n c o r p o r a t e d into the m o d e l a f t e r the t r e a t m e n t block. The a u x i l i a r y c a r e p a r a m e t e r s w e r e b a s e d on p r o b a b i l i t i e s d e r i v e d from the d a t a b a s e .
The c u r r e n t s c h e d u l e was f i r s t s i m u l a t e d to v a l i d a t e the m o d e l by c o m p a r i n g s i m u l a t i o n o u t p u t w i t h real time data. Ten d i f f e r e n t t y p e s of s c h e d u l e s such as all 8 h o u r s h i f t s or all 12 h o u r s h i f t s w i t h l e s s e r n u m b e r of s t a f f w e r e s i m u l a t e d to e x a m i n e the i m p a c t t h e s e s c h e d u l e s h a d on the ER p a t i e n t w o r k l o a d .
The p r i m a r y o u t p u t s of the S I M A N s i m u l a t i o n r e p o r t s were; p a t i e n t w a i t time p r i o r to b e i n g s e e n in the t r e a t m e n t area, p a t i e n t q u e u e l e n g t h s in the w a i t i n g a r e a and s t a f f u t i l i z a t i o n by time of d a y . The following process points in the patient flow were identified as key variables upon which staffing requirements are determined:
Patients are assessed upon arrival by the Triage nurse and urgency of care is prioritized. Depending upon the patient's acuity (ranging from I, least serious, to V critical) the patients are either sent for registration or directly to the ER treatment area.
B. Registration:
Patients with acuity levels I through III must register with the clerk and wait in the patient waiting area until the treatment area and/or staff are available.
C. Treatment Area:
The This is categorized as auxiliary service in the model. In the simulation model, patients go through the block "auxiliary care" with a certain probability.
Within auxiliary service, the patients have a probability of involving a RN for transportation accompaniment or assistance to reach restrooms or pick up drugs from the pharmacy.
F. Discharge/Admission:
Patients leave the ER system one of two ways: discharge to home or admission to the hospital. In either case they leave the model/system and they no longer require care from the ER staff.
3.
DATA COLLECTION
The lack of in depth information on patient visits needed for a simulation analysis required the design of a data collection tool and a repository for this data. An ER Management Information System (ERMIS) was designed using Dbase III to automate the data collection and analysis. A patient classification or acuity system was developed to identify five significant patient groups based on their resource consumption in the EH.
The objective was to identify degrees of resource needs by objective delineations of the tasks/functions the nurse was performing at each acuity level.
For purposes of simulation, the classification system was designed to address acuity by each hour of the patient's stay rather than for the entire visit.
This Information on patient arrivals and direct nursing care for each patient in the ER was collected for a five week period. This data was collected on a specially designed collection sheet attached to each patient's chart.
Data was collected on 2435 patients seen in the ER during the study period and the observations were input to the database through user friendly screen interfaces specifically designed for this purpose.
Once the model was formulated, raw data from the data base was extracted in report form and input into the simulation model:
A. Arrival of patients by hour and day.
B. Acuity of patients by hour and day. Shifting each patient's acuity classification during each hour of the stay in the model was found to be complex and impractical for determining staffing levels.
Therefore, composite acuity distribution of all patients in the system was recalculated in three hour intervals in the model.
In
conclusion, the dynamic nature of the ER was captured by altering the time between arrivals by hour of the day and reassigning the composite acuity distribution of all patients in the system in three hour intervals based on the time of the day.
Length of Stay:
The Kolmogorov-Smirnov Test verified that the average LOS of a patient was a normal distribution with a mean LOS of 2.5 hrs and a standard deviation of 0.5 hours.
Need for Additional Nurse -Direct Care & Auxiliary Service: The probability of a patient requiring auxiliary service (additional RN support) was 23%, calculated from the database reports.
The time involvement for each type of auxiliary service was assumed to follow an exponential distribution.
Ancillary Service: From the database reports, it was found that the probability of patients (Acuity I,II &III) leaving the ER for ancillary service was 31.5%.
The time for which these patients were out of the ER receiving no direct nursing care was found to be an average of 0.52 hrs.
Thus, the LOS of patients receiving ancillary care was effectively reduced by 0.52 hours.
The remaining 68.5% of patients go through the normal Bed Block and have a complete LOS. Patients of acuity type IV and V, because they are more acute, do not pass through the ancillary service block. If these patients need to go outside the ER for treatment, care is assumed to continue and the nurse is still utilized.
Auxiliary Service: 23% of the patients in the ER required auxiliary service. The probability distribution and time involvements by acuity for each type of auxiliary service were also determined from the database. Triage processing was estimated to follow a triangular distribution. Time to triage a patient upon arrival ranged from 0.03 hrs to a maximum of 0.25 hrs with a mean range of 0.08 hrs.
The current schedule of the staff was used to determine the number of staff nurses scheduled at every hour of the day.
The SCHEDULES Block in the SIMAN Experimental Frame was used to alter the number of nurses available during different hours of the day. Staffing can only be reduced to a minimum of 2 nurses, impeding the true optimization of the staff since workload can require less than two nurses.
SIMULATION
The ER model was simulated in SIMAN, changing the staff schedules with each run, for over 41.7 days or 1000 hours. Of the 1000 hours, the initial 120 hours of run time observations were ignored to allow the system to achieve a steady state.
Outputs from the simulation runs included the following statistics:
1.
Patient Wait: Waiting time hours for patients of acuity levels I through III. This is the time spent awaiting entry to the treatment area. Analysis of the data collection revealed an average patient wait time of 15.5 minutes with the current staffing level.
This was in accordance with the average wait time from the data collected in the database.
2.
Nurses Busy: Average number of nurses that were busy in the simulation run. This is the average nurse utilization.
3.
Triage Busy: Average number of times a triage nurse is busy. The nature of the triage function necessitates 24 hr/day coverage, therefore, unless patient arrival rates are continuous, this position will be underutilized.
4.
Waiting Area Queue: Average number of patients waiting in the waiting area to be seen by the treatment area.
6.
MODEL VALIDATION
The model was initially validated by comparing the output of the simulation using the current staff schedule with the real time data collected in the database.
The patient wait time and queue lengths were found to be the same.
EXPERIMENTATION
Simulations were run with the alternative schedules input into the model. The aforementioned outputs provided a comparative basis for selecting the 'optimal' scheduleone in which the patient wait time and patient queue length were within acceptable ranges and nurse utilization was optimized as best as possible.
The output processor of SIMAN was used to determine the patient wait time frequency distribution for each schedule using the HISTOGRAM routine. The FILTER routine generated the average number of nurses busy every half hour for the 1000 hour run.
This was transferred to a LOTUS spreadsheet via the EXPORT routine and further grouped by 24 hour periods for a comparative analysis. A comparison of the staff available from the schedule and staff busy from the simulation sums can be seen in exhibit B.
Nine other schedules were examined and simulated.
Of the nine, two were selected as feasible schedules in terms of affect on patient wait times and their cost effectiveness.
The simulation model simulated only the variable workload (direct patient care) as it affected the utilization of the staff nurses. Summary of the outputs from the simulation runs for three feasible schedules is listed in Table i .
IMPLEMENTATION
The ER administration is in the process of implementing the 12 hour shift schedule.
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